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Abstract This study explored the changes in agricultural  land use in the 
Sendai metropolitan area since the 1970s using the Geographical Information 
System. The study area, being a  regional center for the Tohoku region, has 
experienced rapid urban expansion since the 1970s. It was found that notwith-
standing the transfer of 18% of arable land to urban use, there has been a slight 
increase in arable land due mainly to the reclamation of forests into pasture. 
Urban development in the study area occurred mainly on forest-covered hills, 
and it was arable land unsuited for agriculture that had been released for urban 
developments. The development of arable land suitable for agriculture has 
been slower than expected, considering the rapidity of urban expansion during 
the study period. An extrapolation of the changes in arable land use since the 
1970s suggests that paddy fields and dry fields close to existing urbanized areas 
are likely to be urbanized by  2020  ; whilst arable land unsuitable for either 
agricultural or urban use, and arable land newly developed since the 1970s are 
likely to be abandoned.
Key  words  : agricultural land use, urban expansion, topographic characteris-
          tics, GIS, Sendai metropolitan area
1 Introduction 
   Japanese urban expansion was especially prominent during the post-War "rapid 
growth period" of the 1960s and early 1970s. Three major metropolitan areas (Tokyo, 
Osaka, and Nagoya) were the first to experience a massive spread of housing estates 
in their suburbs, developed by real estate enterprises that part of them now grown to 
be the national leading real estate enterprises. This phenomenon soon spread to 
regional cities such as Sapporo, Sendai, Hiroshima and  Fukuoka  ; since the 1970s, the
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rate of population growth has been kept higher in regional cities than in the three 
major metropolitan areas. This growth of regional cities had been underpinned by the 
decentralization of industries and the concentration of wholesale and business services 
which commenced during this era (Hino 1996). Real estate development in  these cities 
during the 1970s was even more rapid than that in the three major metropolitan areas 
during the 1960s, due to the search by expanding real estate capital  for emerging new 
markets (Matsubara 1982). The urbanization of either arable land or forests 
continued during the 1970s. 
   The 1970s were a turning point for the Japanese agricultural sector as well. The 
number of farmers who engaged simultaneously in farming and other employment 
 (kengyol)) increased markedly as regional labor markets emerged due to the decentrali-
zation of industries. The loss of labor from farms to the manufacturing sector was 
compensated for by agricultural machinery bought with the salaries earned (Oshiro 
1982). Collective purchase of agricultural machinery was common in the beginning of 
the 1970s when large machines started to appear on the market. However, the trend 
soon changed to individual purchases, as farmers with employment realized the 
 difficulty of managing the joint use of machinery under limited farming hours of which 
the main part were on weekends and holidays. The flow of money from employment 
to farming was crucial to the continuation of Japanese farming, although this meant
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that the low return farming had to be subsidized by employment in high return sectors. 
This paradox demonstrates the importance of the maintenance of arable land as an 
asset for farmers, and this in turn explains why kengyo continues to be the dominant 
form of Japanese farm management. 
   The study area, the Sendai metropolitan area (Sendai City and the 9 surrounding 
municipalities shown in Figure 1) is one in which the two forces of urban expansion and 
agricultural conservatism have been at work during the recent decades. This study 
aims to explore the changes in agricultural land use during the 1970s to the 1990s using 
the Geographical Information System. The changes are presented spatially, quantita-
tively, and on the basis of topographic characteristics of the area. A forecast of 
 future changes in land use is also given.
2 Forces  affecting land use  changes  : urban expansion and agricultural conserva-
  tism 
2.1. The study area 
   Sendai City, which defines the metropolitan area and which we have selected as 
our study area, is an economic and administrative center for Tohoku region (the 
northeast region of Honshu). The city, which is the 11th Ordinance Designated City 
since 1989, has almost a million residents and is the largest city in the Tohoku region. 
Regional administrative offices for the Tohoku region and branch offices of private 
enterprises are concentrated in this city. 
   The Tohoku region has lagged economically in comparison with the core regions 
embracing Tokyo, Osaka and Nagoya since the Japanese industrial revolution in the 
1900s. A rapid growth in the industrial sector in the core regions during the post-War 
era further intensified the spatial division of labor and the region became a food supply 
base. Since the end of the War agriculture in this region has outperformed that in 
other regions because (1) the above-average area per farm enabled efficient produc-
tion using agricultural  machines  ; (2) the cold-resistant rice varieties introduced after 
the War turned out to be of good quality  tastewise2)  ; and (3) the agricultural off-
season during winter enabled seasonal employment in the core region through which 
capital for agricultural investment in land and machinery could be obtained (Oshiro 
1978).
2.2. Changes in urban planning policies and urban development 
   As it was the center of its region, Sendai was officially designated as one of the 15 
New Industrial  Cities  ; i.e., as a regional growth pole, under the First National 
Comprehensive Development Plan of 1962. The rest of Miyagi Prefecture was then 
designated as an Industrial Promoting Area in 1972 under the Industrial Relocation
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Fig. 2. Development of housing estates in the Sendai metropolitan area  (source  : Furuta 
   Planning, 1998)
Promotion Law of the Second National Comprehensive Development Plan of 1969. 
Law for Accelerating Regional Development Based upon High-Technology Industrial 
Complexes 1985 (the  `Technopolis' Law) designated Sendai City and 4 adjacent 
municipalities in the north as one of 22 Technopolises. 
   On the basis of these official designations and laws, several industrial and commer-
cial districts have been developed mainly by the local public bodies in Sendai metropol-
itan area. The growth in population in the Sendai metropolitan area lead to a surge 
in housing estate development. As the results of them, drastic changes were seen in 
the use of land on the urban fringes of the Sendai metropolitan area during the period 
under discussion. 
   Figure 2 shows the area of housing estates completed during each 5-year interval 
by the type of developing agent for Sendai metropolitan area. The third development 
agent type, "cooperatives", are partnerships of multiple agents whether public or 
private. The figure demonstrates that the surge in housing estate development started 
in the 1960s in Sendai metropolitan area. The development by private  real estate 
enterprises increased during the 1970s. The leading real estate enterprises that had 
grown through real estate development in the three major metropolitan areas expand 
their business to Sendai metropolitan area in this term. Private enterprises created 
vast housing estates on the hills, which had been largely wooded, surrounding the city 
core. This resulted in a sprawling urban expansion, however, and a serious deficiency 
in the urban infrastructure emerged. In reaction to this deficiency, the Epitome for
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Development was set during the 1970s by each municipality , individually. The decline 
in the ratio of private development since the beginning of 1980s is a reflection of 
reinforcing that policy in Izumi, Tomiya and Rifu in 1980. Instead, private enterprises 
began to join "cooperatives", appreciating the advantage of development by "coopera-
tives", with the result that development by "cooperatives" increased . The  "coopera-
tives" are certified by municipalities under the Land Readjustment Project Act . The 
advantage with this type of development is that property can be dispersed among 
multiple owners, thereby enabling development to be undertaken with smaller capital 
outlay. The "cooperatives" are entitled to tax exemption and to subsidies .
2.3. Changes in agricultural policies and agricultural environment 
   After World War II, the Japanese government continued its institutional efforts to 
improve the  efficiency of rice production (Tanino 1994). As a result , Japan experi-
enced a remarkable increase in rice yield. Since the middle of the 1960s, however, the 
overproduction of rice has raised nationwide concern. To prevent the fall in the price 
of rice due to overproduction, the Japanese government implemented the Reducing 
Production Policy (Seisan Chosei). Under this policy , the area of paddy fields under 
rice has been strictly controlled at farm, agricultural settlement , and municipal level. 
This policy works by subsidizing farmers for planting crops other than rice in the 
paddy fields. The amount of subsidy received is based on the crop substituted. The 
Government has guaranteed the highest subsidies for substitution to less profitable 
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Fig. 3. Achieved reduction in rice production  (source  : Agricultural Census and Unpub-
   lished Data from Ministry of Agriculture, Japan)
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Fig. 4. Changes in the area of arable land  (source  : Agricultural Census)
   Figure 3 shows the rate of reduction achieved under the Reducing Production 
Policy. The figure shows that during the 1990s over one-third of all paddy fields in 
Japan were not planted with rice, and this must surely have had discouraging effect on 
rice producers who had invested in paddy fields and rice production. The rate of 
reduction for Miyagi Prefecture and that for the study area are both below the national 
average, though the effect of reduced production is no less since rice is the region's 
dominant crop. Since the 1970s, there has been a general decrease in the area of 
arable land (Fig. 4), and the decrease is especially large in the study area, due to its 
being a metropolitan area in a phase of rapid urban  expansion4). Most of the arable 
land lost in the study area consisted of dry fields, most of which were converted to 
urban use. The decrease in the area of paddy fields in the study area was slightly 
smaller than the national rate, despite the area being a metropolitan region, because 
the agriculture of the area specializes in rice production, and because dry and stable 
 land is more suitable for urban development than is the alluvial plain on which most 
paddy fields are located. In total, a quarter of all the arable land in use in 1965 has
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Fig  5. Changes in the number of farms 
   Full-time  farms  : all household income from  agriculture  ; Part-time type 1 farms 
   income from agriculture greater than from  others  , Part-time type 2  farms  : income 
   from agriculture less than from others.  (source  : Agricultural Census)
been lost during the last three decades. 
   The contraction in the Japanese agricultural sector is more clearly reflected in the 
reduction in the number of farms. This change should be considered from two 
 perspectives  : the reduction in total number of farms, and the intensification of kengyo. 
Kengyo is a form of farm management in which the farmer is simultaneously engaged 
in self-employed agriculture and in paid employment. Farms are categorized into 
three divisions according to the main source of household  income  : (1) "full-time" 
farms receive their income solely from  agriculture  ; (2) "part-time type 1" farms 
receive more than half of their income from  agriculture  ; and (3) "part-time type 2" 
farms receive their income mainly from paid employment. Figure 5 demonstrates 
that the total number of farms has decreased by 40% since the 1960s in Japan. The 
intensification of kengyo can be seen in the growing share of "part-time type 2" farms. 
The slight increase in "full-time" farms 1975-80 is the result of the retirement from 
employment of part-time farms thus is a reflection of aging of farm households rather 
than specialization to farming. 
   The faster rate of decline in agricultural labor than in arable land area has led 
Japanese agriculture to favor less labor-intensive  crops5). Rice has been the most 
favored crop, because (1) mechanization had been most effective and (2) the price of
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rice had been kept high by the Government policy to maintain a 100% subsistence rate 
through a ban on rice importation. This is especially true for the study area and the 
Tohoku region as a whole since the rice varieties produced in the region are of good 
quality, and the climate limits the production of other crops. 
   Although a surplus of rice led to the introduction of the Reducing Production 
Policy, the policy did not directly result in the reduction in arable land as the aim of 
the policy was to conserve agricultural production by avoiding excessive drops in the 
prices of agricultural goods. The substitution of other crops for rice was encouraged 
by means of compensating the loss entail to crop  substitution  ; resulting in the substitu-
tion of the least profitable and least labor consuming crops in order to receive the 
highest subsidies. The market was distorted but arable land was conserved to a 
greater degree than it might otherwise have been. Another force in conserving arable 
land was the Agriculture Encouragement Act (Nogyo-shinko-ho) that designated 
specific Agricultural Zones  (Nogyo-shinko-chiiki)6). This limits urban extension into 
arable land through the prohibition of urban development in the designated zones 
except for public purposes by public bodies. In return, the zones could benefit from 
subsidies for agricultural investment in works such as land improvement. 
   Since the 1970s, agricultural land in Japan has been affected by the negative forces 
of rapid urban expansion, dwindling agricultural labor and the Reducing Production 
Policy, and by the conserving forces of the Agriculture Encouragement Act and 
institutional and political efforts to preserve Japan's subsistence in elements of its 
staple diet (rice) and to maintain paddy  fields. The antagonism between these two 
sets of forces has been especially strong in the study area during the period under 
consideration.
3 Changes in agricultural land use in the  Sendai metropolitan area 
   A comparison of past and present maps of the Sendai area in the Geographical 
Information System allows spatial and quantitative inquiries into changes in land use. 
Furthermore, integration with other spatial data enables the exploration of relation-
ships between various spatial distributions. The spatial distributions of changes in 
land use and of changes in area are presented in this chapter.
3.1. The data 
   The sources for data concerning past and present land use for our study are the 
 1  :25,000 topographic maps published by the Geographical Survey Institute. The 
former editions of the 1  : 25,000 topographic maps are the sole source available for data 
concerning land use in the 1970s that cover the whole study area. The topographic 
maps are updated about every 5 to 10 years. The latest editions were used to estimate
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present land use. 
    The past and present distributions of land used for agriculture were digitized from 
the topographic maps at accuracy of about 1 mm (25 m in ground units) . The topo-
graphic map classifies agricultural land use into six  categories  ; (1) paddy field, (2) dry 
field, (3) orchard, (4) mulberry, (5) tea, and (6) other tree  crops  ; with vegetation 
boundaries separating each other . Paddy fields are mainly used to grow rice, and 
pasture is included under dry field. No tea plantations were present in the study area 
in either the 1970s or the 1990s topographic maps. The contrasting land use is "non-
arable" land use, so the study area is divided into 7 land use categories. Most of the 
roads marked on the map were ignored while digitizing since they do not represent the 
actual widths. Thus, the area of land under agricultural use is over-represented in the 
digitized spatial data, though some under-representation exists since small plots such 
as those scatter among houses are not captured in the source maps . 
   For land use in the 1990s, a seventh land use category, "urban", was also digitized 
in addition to the 6 categories of agricultural land use shown  above  ; a plot without 
any vegetation symbols is regarded as being covered by urban land  use . The 
contrasting land use is shown as "(8) others", and includes forests, rivers, lakes, and 
wasteland. This extra category was added to clarify whether the conversion of 
arable land since the 1970s was to urban use or to less intensive uses . 
   There was a minor revision in agricultural classifications on topographical maps 
drawn during the 1970s. Before the revision, dry field and open land were not 
differentiated. Since there had been a surge of housing estate developments during 
the 1970s in the Sendai metropolitan area, a considerable area of open land under 
construction for housing estates was included under the same symbol as were dry fields 
in maps from the early 1970s. Thus, for the distribution of dry fields in the 1970s, we 
have used the earliest available maps drawn after reclassification (most of them were 
published in the mid 1970s), but for paddy fields and other categories of  agricultural 
land use, we have used maps surveyed around 1970. In cases where areas shown as 
dry field in the mid 1970s had been shown under other categories in the early 1970s, we 
have adopted the classification shown in the earlier map.
3.2. Land use in the Sendai metropolitan area (Figure 6) 
   Sendai City has its origin in the beginning of the Edo era when Date Masamune 
constructed a citadel in the region in 1600. The city center is on terraces along the 
Hirose River. The central business district is located here with Sendai Station, 
through which the Tohoku Shinkansen now passes, in its center, and it is the most 
urbanized area in whole Tohoku region. 
   Japanese agricultural land use is closely related to topography. Paddy fields are 
found on alluvial plains and coastal plains where water supply is abundant and secure.
44 Y. ISODA, D. KIM and K. MATSUOKA
-.4
                        •'' ' i'kP'' 
-,,
.. 
     41( 






  ; +4,,:.• '•,,, .-. ,, . ' -
, -• .     - - -
,i'•%:_:, ' 1   _ ---",-.., •-:,S "
i,%... i . — 
. :.:. 
, ^ ' ''' 
, -, .1'., '''
re =4.40 .6 .. )- - • ' : =4; 
_,•'%-,- ... ...         •. • -.75,-1.5i4,,,,,, - e,•:.4_- ,. Akt,•••-,-V't __ . 
,It' '...,-4 .:,:                  jr,--
4.,,,,,j,,_. 
                    .",,-=i
                                                    ,,       ,
.„ig* 
    
''));   er'
,, 
     ill 
 ,.
._. ., .      .,..
X        -e - fi1u1 2 4.
 -0  
Cl) 
 co  -  -00 
0, 
C) >, 4= 
               CD , '0  '0 L .a) 
as Wl - cr) 0cFt 
    -
          ,:,4'.-.:•...V.ri 
cc:3;':,,--,,r,!;,..;-.3•F'.:,•..,...::::-. 
,..;..._.. —I  C  '.5:j  ,,,,  _  -A•
 CI) 
Cr CD 
    -C
    ftlf.
-4
,.--....'.  
-). •:. - i
.• .1.--.:::,,, _ P.-, -..t.:7-..,-- 
                              ,k,.'''''41'  4 .•••'...r".f•'''',,,-               ...:44.._.-....t4.-.;.-4f.4.-,'  
•:-. ..4 i....,:1:11:, 4,' ,2 -, l',4,,,f"..-':z.,...,'2,_*:-, ".-, 
 -.• '--,.1 -:"_!. '—..-::-..-.,,i-••••-e..,;,-ry--i. 
                           
,,,.:7-                           -0:'...."' 
   -1- t ,-• ' ••••' . -",r L',-",-. A', '', I. 
   r`, 7, •• ' ''!, f--: ' A- r.',.:,           !Aif-   -44-r,--..),,.,A,••,'-,'4  ....  
_ '  ( 
         ..,,,, tr-• 0-1,,f  /  ' 
  '
    I 
          .,1,..;Ar.     i
i,'\        !'"
":;>'•tt":4•WhilZ,,k!, L!'t 
i
   ji
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Paddy fields, usually used for rice production, had expanded by the 1970s, when the 
Reducing Production Policy was introduced, to cover almost all alluvial plains. While 
plains with abundant water supplies are preferred for paddy fields, terraces, natural 
levees along rivers and beach ridges are often used as dry fields. Thus, they are often 
found running parallel to rivers and coastlines, forming a linear feature. Tree crops 
(orchard, mulberry, etc.) are found in more hilly areas, though areas classified as "other 
tree crops" are often found on terraces close to urban areas. A substantial part of the 
plots classified as "other tree crops" are plots waiting to be used for urban development 
while maintaining an "arable" status, which has lower asset tax rate. 
   To the north of the city center, the alluvial plains of the Nanakita and Yoshida 
rivers lie among low  hills. The  hills are covered by beech forests, which used to 
supply charcoal to the city, but now vast housing estates are being developed. The 
area is designated as a Technopolis, the northern part of which is planned to be the 
"North Sendai Core"
, and industrial estates, R & D communities, and commercial and 
residential districts are being built. The forests are also being reclaimed as pasture 
on which to raise beef and dairy cattle. 
   To the east of the city center lies a vast coastal plain that becomes hilly towards 
the north. Shiogama City has long acted as the port for  Sendai City, and together 
with the adjacent Tagajo City forms a large, densely populated area. A new port was 
created in 1971, following Sendai City's designation as a New Industrial City, and an 
oil refinery and metal industry are located in the surrounding industrial estate. 
   To the south of the city center, urban settlements line the major roads and rail 
lines. This area is where the region's industry has traditionally been concentrated. 
The Sendai Airport is on the coastal plain and the Tohoku and Yamagata expressways 
run through the west of the area. 
   To the west of the city center is largely mountainous, except for an alluvial plain 
in the Kamafusa Basin. The area contains large dammed lakes, and supplies urban 
and agricultural water to the Sendai metropolitan area.
3.3. Changes in land use since the 1970s 
   The two spatial data sets representing land use in the 1970s and 1990s were 
overlaid to create polygons having combinations of land uses in the 1970s and 1990s. 
Figure 7 shows selected changes in land use. 
   The overwhelming change during the last two decades is the expansion of the 
urbanized area. The arable lands close to the city center have been engulfed by urban 
expansion, and many of the dry fields on the terraces have been utilized for housing 
estates. 
   The conversion of agricultural land to "other" uses also contributed to the reduc-
tion in arable land. Such changes found along rivers are the result of river improve-
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ment works such as the building of embankments and the fixing of  river paths using 
concrete walls. The expressways and major roads built on coastal plain southeast of 
the city center also caused a reduction in paddy fields. The conversion of agricultural 
land into forest or wasteland can be seen in the narrow valley to the north of the city 
center and in the hilly regions to the west. These paddy fields had  been  manageable 
until the 1970s while the Japanese agricultural policy encouraged rice production and 
paddy field reclamation, but became unmanageable due to the introduction of the 
Reducing Production Policy, mechanization of rice production, and general shortages 
in agricultural labor. 
   Meanwhile, there has been some reclamation of forests into arable land, particu-
larly on a large scale in the hilly regions to the  west  ; most of this land has been 
developed as pasture. Paddy field reclamation to the north of the city center was 
made possible by transforming the hills, since the excess soil could be sold to nearby 
housing estate development sites as landfill (Kawaguchi 1998). The development new 
paddy fields in spite of the Reducing Production Policy and an adverse agricultural 
environment suggests that the farmers felt a deep attachment to paddy fields and rice 
production. 
   The gross and net changes in area are summarized in the form of matrices in 
Table 1. The largest change in area (4,058 ha) was seen in the conversion of paddy 
fields to urban land use, of which the greatest contributions were made by the develop-
ments of commercial and industrial districts to the east, of Izumi Central on the 
alluvial plain of the Nanakita River to the north, and of the Nagamachi  Sub-center 
district to the south of the city center. A significant proportion (22.0%) of land used 
as dry fields in the 1970s was also converted to urban use, mainly through housing 
developments on the terraces and hills. These developments were often accompanied 
by land transformation on various scales. During the last two decades, 18.0% of land 
classified as  arable in the 1970s was converted to urban use, and 10.9% to "other" less 
intensive use. However, a closer look at the gross changes reveals that a significant 
area has been newly developed as arable land. While 3,355 hectares of arable land 
was converted to less intensive use, 4,295 hectares previously classified as "other" was 
made  arable, resulting in a net gain of 940 hectares. Thus, excluding the land lost to 
urban expansion, agricultural land use increased by 3.0%. This suggests that the 
reduction in agricultural land use in the study area was due to urban expansion, not to 
the abandonment of cultivation under the Reducing Production Policy and the shortage 
of agricultural labor. Alternatively, it could be said that the contraction in the 
agricultural sector seen across Japan was absorbed by the growth in the urban sector 
in the Sendai metropolitan area, as the study area was the growth pole of the regional 
economy. 
   The net changes in area (Table  1c) show a contraction in all agricultural land use
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            Table 1. Gross and net changes in agricultural land use by area
(a) Gross changes in area (ha) 
 landuse1970             (1) (2) (3)
(1) Paddy field 
(2) Dry field 
(3) Orchard 
(4)  Mulberry 
(6) Other tree crops 
(7) Urban 
(8)  Others
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 -14 .9% 
 0.0%
    0 
 % change
 -183% 
 -0 .2% 
-14 .7% 
-33 .8% 





 1990 total  1 2.8%  0.0%  0.0% 0.0% 0.0%  n.a, n.a.  1  2.9%  -2.9%1 0.0% 
categories, except category (6), as arable land was converted to urban use. The 
negative values in Table  lc denote the area lost during the last two  decades  ; and the 
values in Table  ld are the percentage changes derived from dividing the values in 
Table  is by the total land area in each land use category in the 1970s (last column in 
Table la). The increase in "other tree crops" is the result of consecutive land booms,
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in which plots in the agricultural zone were traded for future re-designation of urban 
planning zones. Meanwhile, all categories of agricultural land use except mulberry 
plantations showed a net gain from the conversion of land previously classified as 
under "other" use. Mulberry production has been in severe decline since the 1970s due 
to the inability of Japanese silk producers to compete with international competition 
in terms of price. 
   Urban expansion has swallowed up much arable land, and agriculture has appear-
ed to spread into areas that had been unproductive before the advent of modern 
methods of irrigation and land transformation. A large part of the land recently 
developed as dry fields has been converted from category (8) land through the reclama-
tion of pastureland in the mountainous west. 
   One of our main concerns is the impact of the Reducing Production Policy on rice 
cultivation in paddy  fields  ; i.e., the conversion of paddy fields to dry fields and other 
agricultural use. The net conversion of 560 hectares of paddy fields (the equivalent of 
 2.8% of paddy fields under cultivation in the 1990s) into dry fields is certainly the 
outcome of the Government policy, given that that prices of most crops raised in dry 
fields are low whilst profitable crops such as vegetables are more labor intensive. In 
reality, the crops raised in converted paddy fields are not those that are most profitable 
but are those that can be raised without effort, such as soybeans, radish and pasture. 
The arable land is maintained by the cultivation of least labor-intensive crops, 
compensated for by generous subsidies under the Reducing Production Policy. 
   The conversion of paddy fields into dry fields and the reclamation of dry fields 
offsets the conversion of dry fields to urban use, resulting in a mere 0.2% decrease in 
the area of dry fields since the 1970s despite adverse conditions for dry field production. 
Although it is not evident from the changes in area, it is the type of crops raised in dry 
fields that is  changing  ; many dry fields are now raising pasture or converted to 
pasture. This is why the results from the Agricultural Census showed large decrease 
in dry fields, because dry fields in the Census definition exclude pastures. This way of 
maintaining arable land, i.e. raising least intensive crops in terms of both labor and 
land, could not be achieved without the subsidies from the Reducing Production Policy.
4  Analyses  : an explanation on the basis of topographic characteristics 
   An alternative to mapping the distribution of changes in land use is to identify the 
changes by attributes of the area. The analyses presented in this section aim to 
examine the relationships between changes in land and topographic characteristics 
and, using logistic regressions, to estimate the contribution of each topographic 
characteristic to the changes in land use. The extrapolation of the regression results, 
from future changes in land use will be forecast, is shown in the following chapter.
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4.1. Explanatory variables 
   The source of our main explanatory variables comes from the elevation of lattice 
points published by the Geographical Survey Institute. The original data, a 50  m-grid 
Digital Map (Elevation), records the elevation for lattice points spaced at 2.25 seconds 
in latitude by 1.5 second in longitude (which is approximately 50 m in ground units). 
This was projected into UTM with bilinear interpolation and a square elevation grid 
with a cell size of 36.6 m (equivalent to 1.5 seconds in latitude) was obtained. The 
following topographic characteristics were then calculated. 
   (1)  Altitude  : this original source of surface morphology is linked to the tempera-
ture of the area, though covariance would be found between the following variables. 
   (2)  Slope  : the largest downward slope to an adjacent cell measured in degrees. 
   (3)  Aspect  : the direction of the largest downward slope. 
   (4)  Range  : the difference between the highest and lowest points in the surround-
ing 3  x 3 cells (109.8  m  x 109.8 m in ground units). 
   (5)  Convexity  : the difference between the altitude of a point and the mean 
altitude of the 3 x 3 cells surrounding that point. Positive values denote locally convex 
areas and vice-versa. The following two alternative measures for convexity were 
also calculated. 
   (6) Depth of  valley  : the difference between the altitude of a point and the highest 
point in the 3 x 3 cells surrounding that point. Values for narrow valleys, as well as 
for steep slopes, would be  larger. 
   (7) Elevation of  plain : the difference between the altitude of a point and the 
lowest point in the 5  x 5 cells (183  m  x 183 m in ground units) surrounding that point. 
The lowest local point is assumed to be the altitude of the underground water table. 
Values for terraces and, again, steep slopes, would be larger. 
   (8) Distance to  DIDs  : basically, the Euclidean distance to the nearest  DIP' in 
1995 was calculated for every point in the study area, but weighting was applied 
according to the slope of the  surface  ; an area having a slope of more than 10 degrees 
is assumed to be twice as costly to pass through, since the density of the road networks 
is substantially diminished in such areas.
4.2. Units of spatial analysis 
   The units of spatial analysis have to conform to both explanatory and dependent 
variables. Since our main explanatory variables are topographic, the best method of 
analysis is through generation of spatial units having uniform topographic characteris-
tics. However, due to constraints in computing resources, we had to compromise and 
use regions having relatively uniform topographic characteristics. These regions 
were generated by first extracting points from the elevation lattice points that best 
describes the surface morphology with least points, and then linking the extracted
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points on the basis of Dulaunay criterion to create triangular polygons. The resulting 
polygons are the regions with relatively uniform surface morphology in terms of slope 
and aspect. The study area of 159,674 ha is covered by 17,914 such polygons. On the 
other hand, since the independent variable is the change in land use , the units of spatial 
analysis should be defined by contrasting the land use before and after the changes. 
Our units of spatial analysis are an intersection of (1) triangular regions having 
relatively uniform surface morphology , (2) polygons defined by land use in 1970s, and 
(3) polygons defined by land use in 1990s. 
 As a result, 39,850 polygons (average area, 4.0 ha ; range, 0.008 ha to 453.4 ha) were 
generated for the study area. The centroid of each polygon is assumed to represent 
the area and the explanatory variables at the centroid taken as the characteristics of 
that area.
4.3. The relationships between changes in arable land and the topography 
   The relationships between changes in land use and selected explanatory variables 
are set out in Figure 8. The graphs show how the effects of topographic characteris-
tics on the conversion of paddy fields and dry fields into other categories of land use 
in 1990. Figure 8a demonstrates that the conversion of paddy fields to urban use 
occurred at lower altitudes, and also that most paddy fields at higher altitudes were 
converted to dry field. A similar tendency could be seen for dry fields (Fig. 8b), except 
that dry fields at higher altitudes were more likely to be converted to "other" uses. 
   Regular patterns can be seen for changes in land use by slope (Fig . 8c, 8d) that 
while urbanization occurred on less steep surfaces, change into "other" less intensive 
uses occurred on steeper slopes. Slope had a greater effect on paddy fields than on dry 
fields. 
   Aspect of slope is measured clockwise from north (Fig. 8e, 8f), but no clear pattern 
is demonstrated. Convexity has a value of zero for flat surfaces, and negative values 
for concave sites. The rate of land being converted to "other" uses is greater on 
concave or convex sites than on flat surfaces (Fig. 8g, 8h). A comparison of paddy 
fields and dry fields shows that the effect of (positive) convexity is higher for paddy 
fields than for dry fields. 
   The simple relationships between changes in land use and topographic characteris-
tics are evident in Figure 8, but logit analyses in the next section will demonstrate the 
effect of topographic characteristics on changes in land use on a ceteris paribus basis.
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4.4. Probability of agricultural land use being changed 
   We have calculated the propensity of arable land being changed based on the 
topographic conditions (Figure 9). 
4.4.1. Logistic  regressions  : where had the changes  occurred  ? 
   Logit analysis enables to calculate the probability of land use being changed by 
spatial characteristics, and the estimated regression  coefficients gives the contribution 
of each explanatory variable to the probability. Logit analyses were performed for 
the conversion of agricultural land to urban use, and to "other" less intensive uses. 
   The probability and coefficients were estimated individually for each category of 
agricultural land use. Each record was weighted with the area of each polygon. 
Dummy variables were used for  aspect  ; i.e. aspect-N for slopes facing northwest to 
 northeast  ; and aspect-W for southwest to northwest. The positive and negative 
values for convexity were  differentiated  ; variables convexity(+) and  convexity(  —  )
both take absolute values of convexity but concave and convex regions were assigned 
zero, respectively. The results are summarized in Table 2. 
4.4.2. From agricultural uses to urban use 
   The conversion of arable land to urban use was predicted sufficiently well. The 
predictability of the model is measured by the share of arable land that did change 
being correctly  predicted  ; the values in the row, "Correct Urban", in Table 2a are the 
percentages of arable land evaluated as having an above average propensity to be 
converted to urban use to that which actually changed. The figures are above 80% for 
all agricultural land. The major factor that contributed to the change from arable 
land to urban use was by the distance to DIDs. 
   For paddy fields, after distance to DIDs, aspect and elevation of plain contributed 
most to the conversion to urban use. North-facing slopes were more likely to become 
urbanized since they are less suitable to rice production because of shorter exposure 
to  sun  ; this disadvantage also applies to housing, however. Terraces are more 
favorable for housing since they are less prone to be flooded. 
   It is interesting that for dry fields, as well as for other categories of agricultural 
land use, the probabilities of becoming urbanized increases with altitude, while Figures 
8a and b clearly show that the areas converted to urban use came from lower altitudes. 
This indicates that, contrary to the impression given by Figures 8a and b, it is not the 
altitude per  se that determines the probability. The positive relationship between 
altitude and urbanization could be a reflection of the development of golf courses, ski 
field and amusement parks, all of which are classified as "urban" in this study. Dry 
fields with higher values for depth of valley were less likely to be urbanized, since 
narrow, deep valleys are not as suitable for housing development as are steep slopes. 
   Aspect of the slope was a major factor in the conversion of orchards, with north-
facing slopes being more likely to be urbanized, just as were north-facing paddy fields
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   Table 2. Logistic regression coefficients of (a) conversion  to urban land use and (b) 
       conversion to "other" uses. 
(a) Coefficients for the probability of changes into urban (partial correlates in parentheses) 








Depth of Valley 
Elevation of Plain 
Distance to DIDs 
Constant
0.0020  ( 0.017) 
-0 .0134 (-0.002) 
0.4143  ( 0.043) 
 -0 .0135 (-0.003) 
0.2217  ( 0.014) 
-0 .0129 (-0.001) 
-0 .0071 (-0.005) 
0.0350  ( 0.040) 
-0 .0006  (-0241) 
 -0 .7632
0.0069  ( 0.115) 
0.0083  ( 0.001) 
0.3134  ( 0,038) 
-0 .0692  (-0.008) 
-0 .0477  (-0.012) 
-0 .2185 (-0.029) 
0.1121  ( 0,014) 
-0 .0544 (-0.047) 
0.0038  ( 0.010) 
-0 .0002 (-0.223) 
-0 .4790
-0 .0001 (-0.002) 
0.3611  ( 0.075) 
 1.4149  ( 0.181) 
 -1 ,58913  (-0.146) 
-0 .3660 (-0.114) 
0.4480  ( 0.064) 
1.0332  ( 0.127) 
-0 .0404 (-0.038) 
0,0434  ( 0.131) 
-0 ,0003 (-0.168) 
-0 .2540
  4.8863  ( 0.266) 
 38.9625  ( 0.286) 
 -3 .7542  ( 0.000) 
 -34 .7352 (-0.309) 
 46.2964  ( 0204) 
 46.7536  ( 0.301) 
 9.2557  ( 0.200) 
  4.3485  ( 0.306) 
 -0 .0452 (-0.233) 
-489 .6460
 N 
initial -2 log likelihood 
final -2 log  Iiielihood 
improvement 
Correct Non-urban 
Correct Urban  '3 
Correct total  3




    58.9% 
    87.0% 
    63.5%





   82.7% 
   62.8%




  74.7% 
  87.1% 
  76.9%







(b) Coefficients for the probability of changes into "others" (partial correlates in parentheses) 







Convexity  (-) 
Depth of Valley 
Elevation of Plain 
Distance to DIDs 
Constant
0.0004  ( 0.005) 
0.2159  ( 0.056) 
0.1776  ( 0.017) 
0.2317  ( 0.03) 
0.0043  ( 0.002) 
0.1331  ( 0.014) 
0.0929  ( 0.02) 
0.0234  ( 0.033) 
0.0093  ( 0.019) 
-0 .0001 (-0.054) 
 -3 .2150
0.0078  ( 0.156) 
0.0830  ( 0.026) 
0.4767  ( 0.060) 
 0.3396  ( 0.045) 
0.0317  ( 0.015) 
0.1027  ( 0.024) 
0.0030  ( 0.005) 
 -0 .0137 (-0.047) 
 -0 .0001 (-0.170) 
 -2 .4214
 0.0162  ( 0.332) 
-0 .6096  (-0.136) 
 -0 ,3078 (-0.035) 
0.2103  ( 0.025) 
0,4842  ( 0.154) 
 -0 .2159 (-0.034) 
-0 .6249 (-0.086) 
0.0389  ( 0.038) 
-0 .0610 (-0.150) 
-0 .0002 (-0.180) 
-1 .8299
 0.0112  ( 0.099) 
 -0 .8504 (-0.201) 
 0.2838  ( 0.038) 
-2 .3977 (-0.128) 
0.5442  ( 0.175) 
-1 .8123 (-0.257) 
-1 .3522 (-0.17) 
 0,0375  ( 0.05) 
0.0444  ( 0.095) 
-0 .0002 (-0.097) 
-1 .7328
  1.2280  ( 0.320) 
 35.0995  ( 0.272) 
 -7 .7018 (-0.008) 
-13 .5085  (-0.225) 
 20.8955  ( 0.096) 
 -2 .5136 (-0.035) 
  6.3461  ( 0.219) 
 -0 .8046 (-0.217) 
 -0 .0200 (-0.289) 
-100 .5840
 N 11545 6160 
initial -2 log likelihood 129891171 54153166 
final -2 log likelihood 110544905 48800639 
improvement  19346286 5352526 
Correct  Non-"other"  1 84.8% 71.8% 
Correct  "other" 2  59.5% 56.8% 
Correct total  3 82.9% 69.5% 
Notes 
1. The share of samples correctly predicted of those did not  change. 
 2. The share of samples correctly predicted of those  changed, 
3. The share of samples correctly predicted in total. 
4. Coefficients were not claculated due to limited cases.




  91.3% 
  73.8% 
  82.3%





  72.9% 
 77.5%







and dry fields. The probability of land becoming urbanized seems to be determined 
more by its unsuitability for agricultural use than by its suitability for housing. One 
explanation for this is that because land suitable for housing is also suitable for 
agriculture (i.e. less steep and/or southward slope), and because there is a shortage of 
such land, the buyers of new home compromise on exposure to sun in return for land 
prices. Another related explanation could be that agriculturally less productive (viz., 
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4.4.3. From agricultural use to "other" uses. 
   The prediction of the conversion of land from agricultural use to "other" uses was 
more difficult, because, the number of plots changes into "other" uses was around half 
that converted to urban uses, and because, the changes in the sample include the results 
of river improvement works, paddy field re-configuration and construction of express-
ways as described in section 3.4. 
   Paddy fields on steep west-facing slopes were most likely to be converted to 
"other" less int ensive uses. The coefficient for distance to DIDs showed negative 
values, which means that paddy fields in the periphery were less likely to be converted . 
This is true for all categories of agricultural land use and more research is needed to 
explain why land use in remoter areas are less likely to change . Paddy fields in 
narrow valleys are extremely disadvantageous nowadays since their improvement into 
regular-shaped and larger units is  difficult or impossible , and this inhibits  efficient 
cultivation using agricultural machinery. 
   While the probability of dry fields being converted to "other" uses diminished as 
distance to DIDs increased, it increased with increasing altitude. We have already 
seen that altitude has a positive relationship with urbanization . Altitude (and/or 
related factors such as temperature) appears to have a negative effect on the survival 
of dry fields. This also appears to be true for orchards .
4.5. Discussion 
   The logit analyses revealed that of the land under agricultural use in the 1970s, it 
was the agriculturally disadvantageous sites that were converted to urban use , despite 
the fact that such sites are equally unfavorable for residential use . Considering that 
the yields from the fields would never reach the profit accrued from selling the fields 
as housing plots, it is interesting that changes in land use are generally determined by 
agricultural factors. However, this is only true for the urban development of land 
that had been arable land. We need to investigate urban development in general , but 
as we do not have data on the distribution of urbanized areas in the 1970s quantitative 
analysis is impossible. However, we are able to speculate on the process of urbaniza-
tion on the basis of supplementary data from other sources . 
   Japanese cities have been covered by City Planning Areas since 1969. These 
areas are divided into two zones. The first zone is the "Urbanization Promotion 
Area" that consists of the existing urban area and of areas scheduled to be developed 
within the following ten years. The other is the "Urbanization Control Area" where 
development is basically prohibited in order to avoid urban sprawl. Development of 
the latter area is only allowed if permission for the planned large-scale development 
of above a specific minimum area (20 ha) is obtained  from the Development Committee . 
   Because of this urban planning and zoning system, it is crucial to examine large-
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  Fig. 10. Development of residential and industrial estates 1970-95, in the Sendai metropol-
      itan area  (source  : Furuta Planning, 1998)
scale estate development on urban fringes in order to understand the process of rapid 
urban expansion in cities such as Sendai City. 
   Figure 10 shows the distribution of housing and industrial estates greater than 2 
hectares in are that were completed during  1970-19950. The development of housing 
estates occurred firstly on the hills to the north of the city center because the land on 
these hills, which used to supply charcoal, was cheap, the slope of the hills was 
relatively gentle, and the soil of the region was suitable for land transformation. 
Housing estates can also be found concentrated the hills to the southwest of the city 
core. It is common for the housing estates on hills in the study area to be concen-
trated on south-facing slopes. 
   The size distribution of  the, housing developments shows that scale of the estates 
increases with the distance from the city core. This is a reflection of two different 
development strategies. The first strategy is to create housing estates adjacent to 
existing urban areas. Under this strategy, the scale of developments remain small 
because the price of land in these areas is high, and the existing complexity of land 
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Table 3. The  scenario  : the expected changes in arable land by area 1990-2020.
Gross changes in area  (ha; 
  tandusel 990landuse2020 1990 total              (1-6) (7) (8)
(1) Paddy field 
(2) Dry field 
(3) Orchard 
(4) Mulberry 








3298 1659 19555 
1388 1082 6303 
 66 184 358 
 1 6 36 
 18 5 28 
24873 0 24873 
1449 107062 108510
Net changes in area 
                           2020duse  landuse1990lan 1990 total 
             (1-6)  (7) (8)
(1) Paddy field 
(2) Dry field 
(3) Orchard 
(4) Mulberry 












  -66 
 -1 

















(1-6)  Arable 
(7-8)  Non-arable
18575 4770 2935 26280 
  0 26322 107062 133383
(1-6)  Arable 
(7-8)  Non-arable
  0 -4770 -2935 -7706 
8746 -1449 1449 7706
 2020  total 18575 31092 109997 
Gross percentage change (% of 1990 total) 




2020 total 7706 -6219 -1487 0 
Net percentage changes  1990-2020 (% of 1990 total) 
 landuse2020
(1-6) (7) (8)  1anduse1990 (1-6) (7) (8)
change  (%)
(1) Paddy field 
(2) Dry field 
(3) Orchard 
(4) Mulberry 
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totally new town in the nearby forests and  hills"). This strategy can be applied also 
to developments in the Urbanization Control Area. The scale of this type of develop-
ment tends to be large because developers need to create relatively self-contained 
settlements in order to offset the distance from the city center, and if the site is in the 
Urbanization Control Area, it needs to be large enough to get development permission. 
This type of development adds value if uniquely designed, and by distributing green 
sites and parks, with up-market shopping districts to meet the residents' daily needs. 
This type of development demands a large capital outlay and a great deal of planning 
vision, and thus it is often the national leading real estate enterprises that do the work. 
   The latter strategy was especially utilized for housing and industrial developments 
in the hills to the north of city center. Various large-scale developments have been 
built and are planned in the area, due in part to the area's designation as a Technopolis. 
   There have also been some developments on the alluvial plain adjacent to urban-
ized  area all of which were made possible by strong support from the city. They are 
industrial and commercial districts developed on adjacent east of the city center, and 
the two sub-centers Izumi Central and Nagamachi. 
   We have seen above that distance to DIDs was the factor that contributed most to 
the probability of land becoming urbanized. In most cases in which arable land 
adjacent to existing urban areas is developed, the land is among the most profitable of 
agricultural land. However, in some cases, forested hills were preferred to arable 
land for development because of the gap in land prices and because of the agricultural 
zonings. Further, when development on arable land does occur, it is generally land
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unfavorable for agriculture that is released for development. This appears to be the 
result of agricultural conservatism underpinned by the Agriculture Encouragement 
Act, and thus good arable land seems on balance to be protected from avaricious urban 
expansion.
5 Agricultural land use in  2020  : an extrapolation of change in land use 
   The logit analyses presented in the previous chapter show the propensity for the 
conversion of arable land to urban and "other" less intensive uses on the basis of 
topographic and locational characteristics. The agricultural land use in 2020 for the 
Sendai metropolitan area was estimated under the following four  assumptions  : (1) 
that no new agricultural developments occur on land classified as "other" use after 
 1990  ; (2) that all areas urbanized in 1990 remain urban until  2020  ; (3) that the proba-
bility of arable land in 1990 remaining arable in 2020 is equivalent to the propensity of 
arable land in 1970 to have still been arable in  1990  ; and (4) that the urbanized area 
will increase by 25% during 1990-2020 (this value is estimated from the projected 
population for 2020). The changes in area and percentage changes during 1990-2020 
under this set of assumptions are given in Table 3. Of the 25% increase in urbanized 
area, 19.2% comes from arable land and the remaining 5.8% comes from land in the 
"other"  cate
gory  ; while 18.2% of arable land will be converted to urban use and 
another  11.2% to "other" uses. 
   Agricultural land use in 2020 is estimated on the assumption that the propensity 
for land in each category to have changed during 1970-1990 propensity to change 
during 1990-2020. Thus, the 18.2% of arable land (in 1990) having spatial characteris-
tics that make it most likely to become urbanized, and the 11.2% of arable land most 
likely to be converted to "other" uses, were selected and mapped in Figure 11. 
   The map demonstrates that agricultural lands close to the urban cores are 
naturally more likely to become urbanized, particularly land on terraces . On the 
other hand, the following land is likely to be  abandoned  : (1) arable land in narrow 
valleys to the north and to the southwest of the city center (mainly paddy fields) , and 
(2) the arable land newly developed during 1970-90. The latter recursively indicates 
that the rapid urban expansion during 1970s-1990s forced farmers to make use of 
agriculturally unsuitable land.
6 Conclusions 
   This study examined the changes in agricultural land use in the Sendai metropoli-
tan area during the 1970s to the 1990s, using past and present topographical maps as 
the data source. The study area is the economic center of the Tohoku region, and the 
two forces of rapid urban expansion and agricultural conservatism were at work 
during the study period. The main findings are as  follows  :
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   (1) The overwhelming change during the two decades studied was the expansion 
of the urbanized area. The arable lands close to the city center were engulfed by 
urban extension, and many of the dry  fields on terraces were converted to housing 
estates. 
   (2) The conversion of agricultural land into forests or wasteland was found in the 
narrow valleys to north of the city center and in the hilly regions to the west. This 
is a reflection of the difficulty of utilizing modern agricultural machinery in such 
places. 
   (3) The largest change in area was seen in conversion of paddy fields to urban 
use. A significant proportion of dry fields was also converted to urban use, mainly to 
housing estates on terraces and hills. 
   (4) During the last two decades, 18.0% of the land that was arable in the 1970s 
was converted to urban use, and 10.9% to "other" less intensive uses. 
   (5) Whilst  18.0% of arable land was converted to urban use in net terms, there 
was also 3.0% gain through reclamation. Thus, in terms of area, when the area of 
arable land lost to urban expansion is excluded there was no apparent reduction in the 
area of arable land. In terms of crops raised, there is evidence that rice production 
has been substituted with less labor-intensive and less land-intensive crops under the 
Reducing Production Policy, and that reclaimed fields are mainly under pasture. 
   The changes in agricultural land use were referenced to the topographic character-
istics of the area. Logistic regressions were applied in order to estimate the probabil-
ities of agricultural land being converted to urban or to "other" uses. The findings are 
as follows  : 
   (1) Agriculturally favorable land continued to be used as agricultural land, 
despite that land usually being advantageous for urban development. This seems to 
be a reflection of agricultural conservatism that only  unfavorable land was released to 
urban development. 
   (2) Housing estate developments generally occurred on land favorable for resi-
dential use. A large part of the land used for housing estates came from hills that use 
to be covered by forests, and the former arable land used for developments tended to 
be agriculturally unfavorable. 
   (3) Arable land unfavorable for both agricultural and urban uses was more likely 
to be converted to "other" less intensive uses. 
   Land favorable for agriculture was found to be protected from urban expansion 
ceteris paribus even in a regional center such as the Sendai metropolitan area. Urban 
development, especially that of housing estates, occurred mainly on forests and hills in 
the study area, avoiding arable land in the Agriculture Encouragement Zones. This 
resulted in the discontinuity in the urbanized area now apparent in the Sendai 
metropolitan area. This discontinuity is certainly the result of urban and agricultural
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policy and it must be stressed that this is the outcome of a conscious effort. Valuable 
plots of land close to the urban center are under  agricultural use, despite the fact that 
Japanese agriculture is moving towards a less intensive mode. It is also true that a 
large part of the most favorable arable lands in Japan is found closed to large 
metropolitan areas, and it could be said that this arable land is worth protecting. The 
evaluation of whether existing urban and agricultural policies, and the coordination of 
the two, are appropriate is, however, out of the scope of this study.
Acknowledgements
   This study was commenced as a part of a MSc dissertation by Yusuke Kawaguchi. Students at 
the Institute of Geography, Tohoku University, have devoted much of their time in digitizing the land 
use distribution. The Geographical Information System, ARC/INFO  ver.  6, at the Institute of 
Geography, Tohoku University, was used in this study. The electrostatic plotter in the Department 
of Geography, Tohoku Gakuin University was used under kind permission of Professor Kotaro 
Aoyagi to create the maps in Figures 6, 7, 9, and 10.
Notes
1) For more information on Kengyo, see Tabatake and Uno (1990), Araki (1992), Kitamura 
   (1995), Usami (1997), and Sekine (1998a, 1998b). 
2) On the varieties of rice and those characteristics in Japan, see Hayashi (1998), Motoki 
 (1997)-
3) For more information on Reducing Production Policy (Seisan Chosei), see Takano (1995), 
   Ohtake and Aoyagi (1998). 
4) As for case studies on Japanese agriculture in urbanised areas, the followings are  recom-
   mended : Takayama (1979), Kitamura (1980), Arai (1993), and Minamino (1995). 
5) Some studies (i.g. Morimoto 1991, 1993) have reported that intensification of agriculture 
   has simultaneously happened to cope with the low income, whilst abandoning cultivation 
    on the other hand. 
6) For more information on Agricultural Zones (Nogyo-shinko-chiiki), see Tashiro (1993). 
7) "urban" include built-up areas, housing plot, and also golf courses, ski fields, amusement 
    parks and large-scale cemetary. 
8) DID (Densely Inhabited District) is defind as an area which is a group of contiguous basic 
   census units each of which has a population density of 4,000 inhabitants or more per square 
   kilometer, or which has public, industrial, educational and recreational facilities, and 
   whose total population is 5,000 or more within each municipality (1995 Population Census 
   of Japan). 
9) Sources are from Furuta Planning (1998) and a list of Land Readjustment Projects, 
   available at Urban Planning Division, Sendai City. 
10) For more information on the development of large scale housing estates in Sendai, see 
   Chiba (1994).
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